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Abstract
New materials are considered as the foreguide and the base of the revolution of advanced technology. Its
development and trend of new materials greatly influences the human life and society development.
Nowadays, the risk of climate change is increasing day by day, the pressure of manufacturing update of
new technology revolution is bigger than ever, the competition and the friction between countries become
more and more intense, and the iteration of advanced materials turns to a rigid demand. In this work, we
analyze and predict the development tread of material from the aspects of climate change,
manufacturing update, national security, and materials genome initiative.
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Abstract: New materials are considered as the foreguide and the base of the revolution of advanced technology.
The development of new materials greatly influences the human life and social development. Nowadays, the risk of
climate change is increasing day by day, and the pressure on manufacturing update in the context of new technology
revolution is bigger than ever. The competition and the friction between countries become more and more intense,
and the iteration of advanced materials turns to a rigid demand. In this work, we analyzed and predicted the development trend of materials from the aspects of climate change, manufacturing upgrading, national security, and materials genome initiative. DOI: 10.16418/j.issn.1000-3045.20211208004-en
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The world is experiencing profound changes unseen in a
century, and all kinds of technologies, ideas, and industries
are changing quickly. Materials are one of the three pillars of
modern civilization. New materials are regarded as the basis
and foreguide of the new technological revolution, the development of which will greatly influence the changes of the
times. In recent years, global climate change has influenced
all aspects of human life, and environmental protection has
increasingly become the core issue of national development
strategies. The construction of ecological civilization in
China is also taken as an important part of the national overall
layout. Meanwhile, a new round of technological revolution
is progressing vigorously. The global manufacturing industry
is facing great upgrading pressure with the rapid iteration of
manufacturing technology. Several major manufacturing
countries have proposed industrial upgrading strategies, and
the industrial game has entered a new era. Furthermore, national security has always been the core of the development
of each country. The national security strategy also has richer
connotation and faces huge development opportunities under
the overall national security concept. The development of
materials science plays an irreplaceable role in the response
to global climate change, manufacturing upgrading, and
national security. The current speed of materials R&D is
difficult to satisfy social development, and the R&D methods
need to be upgraded. Thus, the concept and method of materials genome initiative emerged. In this work, we analyzed
and predicted the development trend of material science from
four aspects: global climate change, manufacturing upgrading, national security, and materials genome initiative.

1 Development of materials science under the
background of global climate change
The trend of clean and low-carbon energy has become a
global consensus. Continuously improving environmental
quality is written as an independent chapter for layout in the
Outline of the 14th Five-Year Plan (2021–2025) for National
Economic and Social Development and the Long-Range
Objectives through the Year 2035 of the People's Republic of
China. The China-U.S. Joint Statement Addressing the Climate Crisis [1] issued in 2021 once again emphasized the
urgency of dealing with the risks brought by climate change.
Materials science should play its role by supporting the
promotion of new energy materials, waste recycling, and
high-pollution industry substitution in view of the importance
and urgency of environmental protection [2].
(1) New energy materials. The development of environmentally friendly new energy materials is to complete the
process of energy capture, energy storage and energy use in
an environmentally friendly way. ① High-performance
permanent magnet materials and photovoltaic materials with
high
photoelectric
conversion
efficiency.
These
high-performance power generation materials can expand the
channels and improve the efficiency of human energy capture
from the nature. Photovoltaic technology as the clean energy
technology with rapid development, can meet the energy
demand of terawatt level in the future. ② Solar cell technology. Crystalline silicon cell is a mature solar cell technology characterized by high efficiency, stability, and safety.
The production cost of solar cell has decreased significantly
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and the market share has reached 90% in recent years. In
particular, metal halide perovskite solar cells have experienced remarkable development in the past decade. The certified efficiency of small-area perovskite solar cells has
reached 25.5%, and perovskite/silicon tandem solar cells
with the certified efficiency of 29.5% have become the most
promising new-generation photovoltaic device all over the
world. The development of high-efficiency, low-cost, stable,
and safe solar cells is the technical basis for the wide application of solar photovoltaic power generation. The captured
energy can be directly connected to the grid or stored in energy storage materials (such as secondary battery, supercapacitor,
and
hydrogen
storage
materials).
③
Electrochemical energy storage technology. This technology
has been popular in the consumer electronics market and
rapidly entered the transportation and other fields in recent
years. Lithium-ion battery with high energy density, high
voltage, and low cost is a representative of such technology.
The R&D of new energy storage batteries, such as aqueous
zinc-based battery, have achieved rapid progress in recent
years owing to the flourishing of the electric vehicle industry.
Furthermore, the development of hydrogen conversion and
storage technologies of renewable energy is bolstered in
China. The development of high-capacity electrode materials
and highly active catalysts to improve the stability and safety
and reduce the cost of batteries is the core of energy storage.
Energy-saving materials such as amorphous transformer,
amorphous motor, and soft magnetic materials with low resistance and low iron loss can further improve energy utilization efficiency and reduce carbon emissions.
(2) Waste recycling. The massive waste gas, wastewater,
and solid waste in industrial production should be treated
according to the principles of reduction, recycling, and
harmlessness in China, as the largest manufacturing country
in the world. For reduction, the service life of industrial
products can be extended as much as possible to reduce the
waste produced per unit time through developing corrosionresistant, fatigue-resistant, and wear-resistant materials. For
harmlessness, photocatalysis or chemical catalysis of catalytic materials can be used, which, in combination with the
ultra-high specific surface area of metal-organic frameworks
(MOFs) and covalent-organic frameworks (COFs), to realize
the efficient degradation or harmless treatment of waste gas
and wastewater. For recycling, it is necessary to research
waste recycling. The comprehensive utilization of general
①
industrial solid waste in China accounted for 55.9% in
2019, with a great increase potential. The construction and

replacement of urban and rural infrastructure will also produce much construction waste. Industrial waste hydrogen,
scrap steel, steel slag, blast furnace slag, red mud, coal
gangue, tailings, carbide slag, and fly ash should be fully
recycled to improve the comprehensive utilization efficiency
and turn waste into treasure. Efforts should be made to research the recycling of the waste products (e.g., chips, batteries, and electronic products) caused by product upgrading
in the aviation industry, electronic industry, and automobile
industry, so as to realize the self-circulation of key resources
within the industry and reduce the repeated investment of
external resources.
(3) Substitution of high pollution. Material science can be
used for improving the existing material production mode,
replacing the pollution- and energy-intensive production
mode, and simplifying the production process. For example,
near net-shape manufacturing processes, such as continuous
casting, tandem rolling, and squeeze casting, can be adopted
in the production of metal materials to improve the comprehensive utilization efficiency of materials and reduce the
energy consumption caused by repeated heating. The
spinning-based crushing can be adopted in the production of
amorphous powder to simplify the crushing steps, improve
the production efficiency, and reduce the production energy
consumption.

2 Development of materials science under the
background of manufacturing upgrading
The world is in a new round of industrial revolution and
experiencing profound changes unseen in a century. Improving the foundation of manufacturing industry is a key for
improving national comprehensive strength and responding
to changes. Therefore, the governments launch programs to
boost the development of manufacturing industry. For example, the German government initiated the Industry 4.0 [3];
the United States tried the industrial Internet and Maker; and
Japan issued a new economic growth strategy in response to
②
the Fourth Industrial Revolution . China is the largest
manufacturing country in the world and the only country with
a complete industrial chain. The development of global
manufacturing industry is closely associated with the de②
velopment of China . Materials science is not only the basis
for the progress of manufacturing industry but also the bottleneck of manufacturing industry development. Thus, materials science should play a role in completing the upgrading

______________________________________

① Ministry of Ecology and Environment of the People’s Republic of China. 2020 Annual Report on the Prevention and Control of Environmental Pollution by
Solid Waste in Large and Medium-sized Cities (2020-12-28). https://www.mee.gov.cn/ywgz/gtfwyhxpgl/gtfw/202012/P020201228557295103367.pdf.
② China News Network. A New economic growth strategy has been issued in Japan to promote the Fourth Industrial Revolution (2016-06-03).
https://www.chinanews.com.cn/gj/2016/06-03/7893442.shtml.
③
People’s
Daily
Overseas
Edition.
China’s
opportunity
of
the
Fourth
Industrial
Revolution
(2017-05-30).
http://ﬁnance.people.com.cn/n1/2017/0530/c1004-29307311.html.
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and promoting the structural reform of manufacturing industry in the context of manufacturing upgrading.
(1) Upgrading of manufacturing industry. One generation
of materials fosters one generation of industry. The upgrading
of industries is inseparable from the progress of materials
science. The strategy of three improvements (output, quality,
efficiency) and one reduction (cost) runs throughout the development of manufacturing industry. Materials science, new
materials, and related technologies facilitate the industrial
upgrading. For example, the breakthroughs of lithium nickel
manganate cathode material and battery-related technologies
will replace the lithium iron phosphate battery, the current
mainstream power and energy storage system, with lithium
nickel manganate battery, thus increasing the battery energy
density by more than 40% and reducing the cost per kilowatthour by more than 20%; or the breakthroughs of technologies
of low-density steel and high-performance vehicle steel will
replace the existing steel to improve the service performance
without increasing the production cost.
(2) Structural reform of manufacturing industry. In addition to improving the existing industry, materials science
should be the source of basic scientific innovation to change
the existing "big but not strong" situation of material industry
and manufacturing industry in China. Efforts should be made
to expand the scale and increase the market share of high-end
manufacturing industries related to materials, such as additive manufacturing, advanced smelting and precision manufacturing, to form a complete industrial chain from raw
materials to products.

3 Development of materials science based on
national security
In 2014, President Xi Jinping proposed the strategic idea
of overall national security concept at the first plenary session
of the National Security Council [4, 5]. National security is the
premise for the stable development of national economy and
people’s livelihood. The development of material science is
closely related to national defense security, social security,
and scientific and technological security. In the Outline of the
14th Five-Year Plan (2021–2025) for National Economic and
Social Development and the Long-Range Objectives through
the Year 2035 of the People's Republic of China, it is proposed to deeply implement the strategy of building a country
with strong manufacturing, persist on autonomy, controllability, safety and efficiency, maintain the basic stability of the
proportion, and promote the high-quality development of
manufacturing industry. This is not only an important layout
to achieve national industrial security but also a key to ensure
social security. The sustainable development of materials
science in key fields, such as nuclear fusion reactor materials,
high-energy laser materials, advanced communication materials, and aerospace materials is one of the important measures to
ensure national scientific and technological security.
(1) Key national defense and security materials. In

addition to conventional military materials, such as military
metal, ceramic, polymer, and composite materials, key national defense and security materials include new military
materials to be developed to meet the new military strategic
needs, such as strategic bomber, a new generation of
land-based combat platform, electromagnetic railgun, hypersonic flight vehicle, and new unmanned combat system. It
is necessary to tackle key technologies of many material
systems, including stealth materials, metamaterials,
high-performance thermal barrier materials, new engine
materials, light alloy materials, high-performance fiber materials, energetic materials, magnetic materials, and new
photoelectric functional materials. For light alloys, attention
should be paid to the cold- and hot-forming properties and the
connection properties with heterogeneous alloys in addition
to the composition design of new high-performance magnesium alloys, aluminum alloys. and titanium alloys. For
high-performance fiber materials, efforts should be made to
solve the problems in the iterative development of fiber reinforced composite matrix materials, such as epoxy resin,
polyurethane, and ethylene-vinyl acetate copolymer (EVA),
in addition to those in the production process of carbon fiber,
aramid fiber, polyimide fiber, and ultra-high molecular
weight polyethylene fiber, so as to go out the application
dilemma of domestic high-performance fibers. Additionally,
we should develop the special new materials that can be used
by both military and civilian, accelerate the two-way transfer
and transformation of technology, and promote the militarycivilian integration of the new material industry.
(2) Safety materials for key industries. Such materials
mainly include core basic parts, advanced basic processes,
and key basic materials. We should ensure the relevant materials and key technologies in aerospace equipment, communication equipment, power generation, transmission and
transformation equipment, engineering machinery, rail transit
equipment, household appliances and other materials closely
related to the national economy and people's livelihood have
complete independent intellectual property rights, and relevant key scientific issues can be tackled independently. Efforts should be made to ensure that the basic industries,
people's livelihood, and key areas can remain stable and
develop independently in the context of the profound changes
of the global pattern. The state should focus on the development
of
special
metal
functional
materials,
high-performance structural materials, functional polymer
materials, special inorganic non-metallic materials, and advanced composites. Further, it is suggested accelerating the
R&D of key technologies such as advanced melting, solidification molding, vapor deposition, profile processing, and
efficient synthesis for the preparation of new materials,,
strengthen basic research and system construction, and break
through the bottleneck of industrialized preparation.
(3) Key technologies and safety materials. Facing the
profound changes unseen in a century, China should enhance
the research on the frontiers of materials science, such as
nuclear fusion reactor materials, high-energy laser materials,
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advanced communication materials, and aerospace materials.
Attention should be paid to the impact of disruptive new
materials on traditional materials and the forward-looking
layout of strategic cutting-edge materials such as superconducting materials, nano materials, graphene, and bio-based
materials to accelerate the upgrading of basic materials.

4 Impact of materials genome initiative on
R&D of materials
The discovery of new materials is often an accidental
process with long R&D cycle and large investment. People
have always dreamed that they can design materials according to the actual needs and realize the transformation from the
traditional trial-and-error exploration based on experience to
the scientific design with theoretical basis and results to be
calculated and predicted. However, the relationship between
the composition, structure, and properties of materials is
complex and changeable rather than linear. The direct challenge faced by people is how to explore the relationship
patterns with much known information. At present, there is
no theory or experiment that can comprehensively and accurately obtain all the essential information.
Materials genome initiative is the latest concept in the
R&D of materials, which will fundamentally change the
R&D mode and is a revolution in materials science. The basic
idea of materials genome initiative is to explore the basic
elements and the mechanism or law of their coordinated
regulation of physical properties through high-throughput
automatic process calculation, conduct high-throughput integrated calculation and multi-level material design via, carry
out high-throughput material combination experiment, and
build material design database and information database
based on high-throughput calculation and experiment. The
materials genome initiative aims at changing the material
R&D mode, realizing on-demand design, and developing
new materials with short time and low consumption. The
materials genome initiative should be implemented from
three aspects: high-throughput preparation and characterization method, high-throughput simulating calculation method,
and introduction of AI into R&D of materials.

4.1 High-throughput preparation and characterization
methods
High-throughput preparation, connected with the calculation and prediction of materials, is still in trial development
now, which involves combined film deposition, multielement diffusion, spray printing-based synthesis, microreactor array, laser additive and other technologies. On the one
hand, various preparation methods should be developed and
improved continuously. On the other hand, strong technical
support should tailor specific materials, that is, new methods
should be designed for specific preparation links. Compared
with the trial-and-error method of a single sample,

high-throughput synthesis can (continuously) regulate a certain growth variable, such as growth temperature, atmosphere, pressure and other parameters, to realize the parallel
preparation of a series of samples. Therefore, it is more
suitable for exploring and researching new systems of multicomponent materials. The platforms of high-throughput
synthesis and characterization of low-dimensional materials,
represented by composite material chip, have emerging new
cases in the R&D of advanced functional materials in the past
20 years. Meanwhile, multi-element diffusion, spray
printing-based synthesis, microreactor array, laser additive
and other technologies have been gradually applied to the
R&D of new materials.
Rapid characterization methods include micro-zone integration, continuous scanning, multi-functional superposition,
and response sensitivity. The preparation of high-throughput
synthetic materials lacks rich rapid characterization means
and commercial equipment now, which has become the bottleneck restricting the promotion of materials genome initiative. To solve this problem, on the one hand, large scientific
devices should be used for realizing the micro-zone structure
and composition of materials, as well as the electron, spin,
lattice and other spectral detection in high-throughput material synthesis. On the other hand, corresponding micro-zone
detection means should be built according to the electromagnetic, thermodynamic, electrochemical, mechanical and
catalytic properties of materials to realize the rapid screening
of materials with different forms and properties.

4.2
High-throughput
method

simulating

calculation

Materials genome initiative pays attention to the development and adoption of high-throughput simulating calculation and experiment for efficient material design, as well as to
the integration of material design, test, and application. The
high-throughput simulating calculation refers to the automatic intelligent material design and regulation, physical
property calculation and simulation based on the basic principles of quantum mechanics, the existing or known basic
knowledge of material structure/composition and physical
properties, and information technology means, such as big
data. Thus, it can screen and optimize many materials in a short
time to provide theoretical guidance for experimental synthesis
and preparation and further accelerate the discovery, optimization,
and application of new materials. The high-throughput simulating
calculation aims at exploring the relationship between material
structure/composition and physical properties and establishing a
material genome database.
High-throughput simulating calculation has changed the
individual R&D mode in which researchers can only study
single or a few materials once a time. With high-throughput
simulating calculation, researchers can only propose the
material performance requirements, monitor and adjust the
material search, design, and calculation scheme, and analyze
the calculation results. The high-throughput simulating
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calculation tool will then automatically generate relevant
material calculation tasks according to the requirements and
material database and conduct all-round scanning and filtering, which greatly broadens the scope of research objects and
improves the probability of new material discovery. Such
technology can screen and optimize materials before the
experiment, predict the material properties under extreme
conditions that the experiment cannot achieve (such as high
temperature, high pressure, strong field, ultrafast, and radiation), and explore and verify the mechanism of experimental
phenomena, so as to save the experimental cost and shorten
the experimental cycle, which is the key to achieve the
overall goal of materials genome initiative.

4.3

Introduction of AI into R&D of materials

Data science and technology should be employed to mine
the data information from high-throughput experiment and
high-throughput simulating calculation and create the big
data method of material calculation. The R&D of materials
will be promoted to the era of big data through massive data
storage, AI-assisted data mining and prediction, and Internet
information sharing and dissemination through integration of
materials science and information science. The invisible
structure–physical property relationship of materials can be
extracted via AI to form a material screening and prediction
mechanism. With the massive data, an AI model that can
accurately predict material composition, structure, physical
properties, and synthesis conditions can be constructed and
expanded to a broader phase space to efficiently screen and
predict new materials and accelerate R&D of materials.
Targeted R&D should be conducted to solve the problems
in the research and industrial application of materials. For

example, tackling key problems in the R&D of new inorganic
functional materials, catalysts, battery materials, new materials
with macro-quantum properties, and high-performance light
alloy materials can improve the material engineering and the
core productivity of the manufacturing industry in China.
The development history of materials marks the civilization and progress of human society, with the role far more
than those discussed above. The R&D and application of new
materials reflect the scientific and technological competitiveness of a country. Advanced materials are the material
basis of strategy of building up China through manufacturing.
The materials genome initiative plan is an important part of
the national strategic plan and scientific and technological
deployment. The development of materials science should
not only focus on the future but also solve the practical
problems of major national needs. Efforts should be made to
establish a scientific foundation for rapid, low-consumption,
and innovative development and solve the severe situation of
long-term dependence on import of key materials required by
high-end manufacturing industry of China.
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